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集的 β粒子的不同能量提出了 β粒子动能收集、β粒子电荷收集以及 β粒子电势
能收集的概念，并分别建立了数学理论模型。在此基础上设计了同位素 β电子式
复合能量收集器(兼容了 β粒子动能收集与 β电子收集)与同位素可变电容式复合
能量收集器(兼容了 β 粒子动能收集与 β 粒子电势能收集)两种复合式能量收集
器。其次，根据数学模型，分别对 β粒子动能收集、β粒子电荷收集以及 β粒子
电势能收集进行了模拟仿真。当同位素放射性活度为 1 mCi·cm-2 时，同位素 β电
子式复合能量收集器的总功率输出为 0.286 ~ 0.306 μW·cm-2，能量转换效率 η高
达 14.1 ~ 15.1%，远远高于同位素可变电容式复合能量收集器的总功率输出































Wireless sensor networks play an important role in the area of military, industrial, 
architecture, and so on. The nodes of wireless sensor networks need the suitable 
batteries with the characteristic of micro-size, high power density, long-life and 
performance stability. The traditional batteries are unble to satisfy these requitments. 
Therefore solving energy supplying of the nodes is very impoatant for the research of 
wireless sensor networks. Due to the development of the micro-electrical technology 
and MEMS technology, the micro-energy devices have great advantages in the 
volume, the energy supplying density and the application cycles compared to the 
traditional batteries, witch brings up new methods of solving the energy supplying of 
the nodes. On basis of micro radioisotope nuclear batteries, this thesis prososes and 
investages two hybrid energy harvesters based on radioisotope to satisfy the 
application requirements of complex application environment, extensive distributing 
areas and long life span for wireless sensor networks. 
Firstly, we anylaze the energy exiting modes of the beta particles based on the 
disintegration theory of radioisotope, and bring forward the concept of beta particle 
kinetic energy harvesting, beta electrons harvesting and beta particle potential energy 
harvesting according to the different exiting modes of beta particles. Their mathematic 
models established respectively. Two hybrid energy harvesters, witch are radioisotope 
beta-electron hybrid-energy harvester combining beta particle kinetic energy harvester 
and beta-electrons harvester and radioisotope variable-capacity hybrid energy 
harvester combining beta particle kinetic energy harvesting and beta particle potential 
energy harvesting, are designed in this thesis. Secondly, according to the mathematic 
models in this paper, three different energy-harvesting modes are simulated. While the 
activity of the radioisotope is 1 mCi·cm-2, the output power and energy conversion 
effeicient of beta-electron hybrid-energy harvester are 0.286 ~ 0.306 μW·cm-2 and 
14.1 ~ 15.1% respectively, which are higher than that of variable-capacity hybrid 
energy harvester are respectively as follows: 0.1672 μW·cm-2 and 8.25 %. Lastly, we 
design the complete MEMS process flows to fabricate radioisotope beta-electron 
hybrid-energy harvester based on the relative references.  
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